We provide an overview of the latest developments in cancer gene therapy-from the bench to early-stage clinical trials. We describe the most recent work of worldwide teams including experienced scientists and clinicians, reflecting the recent emergence of gene therapy from the 'Valley of Death'. The treatment efficacy of clinical gene therapy has now been shown in a number of diseases including cancer and we are observing a renewed interest by big pharmaceutical and biotechnology companies most obviously demonstrated by Amgen's acquisition of Biovex for up to USD$1 billion. There is an opportunity to be cautiously hopeful regarding the future of gene therapy in the clinic and we review here some of the most recent progress in the field.
INTRODUCTION
This review is based on presentations given at the Annual Meeting of the International Society for the Cell and Gene Therapy of Cancer, which was held from 4 to 6th October 2012 in Singapore. It provided an opportunity for a small group of clinicians and scientists, all passionate about cancer gene therapy, to meet and exchange their most recent data. Even in the short time since our last meeting in 2009, 1 a lot has changed, reflecting a recent definition of perseverance, 'the courage to ignore the obvious wisdom of turning back' (www.despair.com). There was a significant increase in the number of studies that have now transitioned into Phase I/II clinical trials. A number of talks focused on improved gene therapy practices, as we learn from patient data how to improve vectors, their targeting and their administration. The cutting edge identification of patients who will respond to treatment and the utilization of personalized therapies have enabled researchers to focus time and money on those patients for whom an appropriate treatment is still lacking. Our small but international society continues to evolve, collaborate and achieve. Some of the highlights are described here.
VIRAL-BASED THERAPIES

Adenoviral studies
The synergistic effects of adenovirus (Ad)-p53 infection when used in conjunction with platinum chemotherapy were described by Robert Sobol (p53, Houston, TX, USA). These effects were further enhanced through the use of combination radiotherapy, chemotherapy and Ad-p53 treatment in mouse models. The treatment was shown to be effective even against cells that were refractory to chemotherapy. Mda7 is equivalent to interleukin (IL)-24, a secretory protein. Intratumoral injection is an effective mode of transfer. There was demonstration of broad expression, reflecting good distribution following a single intratumoral injection. Ad-p53 efficacy has been evidenced in a range of tumors including Li-Fraumeni syndrome.
2 P53 activates p21, which induces a cascade of caspases including caspase 3, which leads to apoptosis. After treatment with Ad-p53, there is an induction of both p21 and caspase 3. 3 Complete remission (CR) rates were 19% with radiation alone; however, these increased to 64% when a combination of Gendicine and radiation were given to hepatocellular carcinoma (HCC) patients. Transarterial chemoembolization plus Ad-p53 led to 6-month survival rates versus 4 months when chemotherapy (transarterial chemoembolization) alone was used.
Masatoshi Tagawa (Chiba Cancer Center Research Institute, Chiba, Japan) reported about their work on mesothelioma. More than 80% of mesothelioma patients have been exposed to asbestos and this form of lung cancer has an average latent period of 38 years. There is no useful diagnostic marker for mesothelioma, although loss of functions of a BRCA1 family gene have been recently identified in US family cases. Asbestos has not yet been banned in Asia and the consumption in emerging countries is increasing, with China and India being leading asbestos users. Asbestos imported into the emerging countries is less toxic, but there still exists a potential risk to individuals. The mean survival period after the diagnosis is 8.2 months and there is no preventative measure, which can be taken after asbestos exposure. The current first-line chemotherapy is a combination of cisplatin and premetrexed, but the mean survival period with the treatment is only 12 months. Mesothelioma lacks expressions of the p14 ARF and the p16 INK4A genes at the INK4A/ARF region in chromosome 9p21, and this is caused by a deletion or methylation of the region. The loss of expression leads to deficient p53 functions and phosphorylated retinoblastoma hyperphosphorylation, but the activities of both tumor suppressors can be restored by re-expressed p53. The group of Masatoshi Tagawa has shown that the treatment of patients with mesothelioma with Ad-p53 induced not only a cleavage of caspases 3, 8 and 9, leading to apoptosis, but also dephosphorylated phosphorylated retinoblastoma through induced p21, inhibiting cell cycle progression. Combination of Ad-p53 and the first-line chemotherapy produced synergistic effects in an orthotopic animal model. Ad defective of E1B-55 kDa (ONYX-015) have similar effects, except that it induced hyperploidy with an enlarged nucleus. Neutlin-3a, used to inhibit the p53-MDM2 interaction, produced cytotoxicity greater to wildtype p53-bearing mesothelioma than to those with the mutation, demonstrating that upregulation of p53 was important for mesothelioma treatment. Zoledronic acid (ZOL), a third generation of biophosphonates, upregulated p53 expression levels and was cytotoxic to mesothelioma. The ZOL-mediated apoptosis was, however, independent of p53 activations. Nevertheless, combination of ZOL and cisplatin achieved synergistic antitumor effects. A Phase I clinical trial with ZOL for mesothelioma is now being initiated in collaboration with Chiba University.
The group of Albert Deisseroth, who is now based at the US Food and Drug Administration (FDA), has developed a vaccine that is based on the attachment of the tumor-associated antigen (TAA) to the extracellular domain (ecd) of CD40L, a potent immunostimulatory signal. The attachment of the TAA to the ecdCD40L promotes uptake of the TAA into dendritic cells (DCs), the activation of DCs, major histocompatability (MHC) class I presentation of the associated TAA on DCs and expansion of antigenspecific B and T cells. The Deisseroth group has shown that the TAA/ecdCD40L vaccine strategy overcomes the anergy, which exists to Mucin-1 (MUC-1) and Her2Neu in MUC-1 and Her2Neu transgenic mice. Original studies used a first-generation nonreplicating Ad-sig-TAA/ecdCD40L vector and showed increased presentation of TAA on MHC class I of DCs. The treatment induced a memory response that persisted for 41 year 4 and overcame the defective immune response that is seen in subjects of advanced chronological age due to decreased levels of CD40L on CD4 T helper cells, which is necessary for responsiveness to vaccination in both humans and mice. Vaccines can consist of a DNA or viral expression vector encoding the TAA/ecdCD40L protein, the TAA/ecdCD40L protein or a mix. Vaccination with the Ad-sig-TAA/ecdCD40L vector followed by two boosting vaccinations with the TAA/ecdCD40L protein enhances the immune response for TAAs as compared with what can be generated by the Ad-sig-TAA/ecdCD40L vector alone in the 18-month-'old' mice. Regulatory T cells decrease as a secondary consequence (perhaps) following multiple protein boosts.
MUC-1, which was chosen as a target (TAA) for the vaccine, is overexpressed in 90% of epithelial cancers and is a predictor of adverse prognosis. In normal tissues, MUC-1 is heavily glycosylated and immunologically silent. In cancer, MUC-1 is hypomethylated, which leads to the exposure of amino-acid epitopes that are not exposed on MUC-1 in normal epithelial cells. One vector injection followed by two protein boosts (VPP) is the preferred schedule. A Phase I trial, which is designed to study the efficacy and toxicity of the Ad-sig-MUC-1/ecdCD40L vaccine, is now being undertaken at the National Cancer Center (Singapore, Singapore) led by Han Chong Toh. The trial involves the administration of Ad-sig-MUC-1/ecdCD40L, and 12 patients will be given vector alone, in four cohorts of 1 Â 10 9 , 1 Â 10 10 , 5 Â 10 10 and 1 Â 10 11 viral particles (VP) per dose. Patients will have relapsed breast, lung, prostate, ovary and colon cancer. Their clinical end points, which are related to tumor response and immunological response, will be measured in the peripheral blood mononuclear cells collected before and after vaccination by John Connolly of the Immunology Network in Singapore. Ad-p53 has excellent safety profile in the approximately 600 patients tested.
3 Ad-Mda7 works well with chemotherapy agents. 5 Robert Sobol (p53) described the potential of VirRx 007, which enhances oncolytic activity by increasing the expression of the adenoviral death protein. Effective at low doses now to build up to the dose level usually given approximately 10 10 viral particle units (vpu).
The development of personalized ovarian cancer therapy has benefitted from the pioneering use of transcriptionally and/or transductionally targeted Ad5 vectors by David Curiel's group based at Washington University School of Medicine (St Louis, MO, USA). These conditionally replicating adenoviral vectors are being used for personalized therapies. In addition, the group is exploiting the increasingly affordable methods of microarray analysis and next-generation sequencing, to aid the identification of an optimal tumor-specific promoter for each tumor and plans to build a customized transcriptionally targeted Ad5 vector for each patient. As with all personalized therapies, David Curiel acknowledged that this approach, although desirable, might be expensive.
The use of PEGylated Ad 6 provides an opportunity to increase plasma retention and reduce immunogenicity. However, PEGylation has been shown to decrease the accessibility of virus particles to target cells, which has been overcome to some extent by Chae-Ok Yun's group, based at Hanyang University (Seoul, Korea), through the conjugation of PEGylated Ad to herceptin to treat Her2/neu-positive cells in vitro and in vivo. The treatment resulted in higher plasma retention along with lower neutralizing antibody (Ab) and IL-6 production than naked Ad alone. Further modification produced a Her2/neu-targeted, PEGylated oncolytic Ad called DWP418-PEG-HER. This modified Ad virus specifically killed Her2/neu-positive cells and performed better than naked Ad in vivo. Immunohistochemical staining confirmed accumulation of Ad E1A in tumors, suggesting that DWP418-PEG-HER could be used to treat metastatic cancer in the future.
Herpes simplex and measles virus Cell cycle-dependent regulation of genes in viral vectors has been achieved through the transcriptional targeting of phylogenetically conserved sequences by Paula Lam's group at the National Cancer Center. The transcriptional targeting of suicide gene therapy has been demonstrated in a patient-derived human HCC mouse model. The group used the cell cycle-dependent element (CDE) and cell cycle genes homology regions sites located within many of the cell cycle gene promoters such as cyclin A promoter to achieve cell cycle regulation. In proliferating HCC cells, transactivating chimeric protein, Gal4/NF-YA, under the regulation of hybrid promoter (apolipoprotein E enhancer elements/human a-antitrypsin promoter) binds to Gal4 binding sites upstream of the minimal cyclin A2 promoter. Thus, selective killing is achieved through conversion of prodrug 5-fluorocytosine to its toxic 5-fluorouracil derivatives. Intratumoral delivery of these vectors effectively suppressed the growth of patient-derived HCC xenograft model. In addition, the group also reported on the generation of an oncolytic herpes simplex virus type-1 vector where the cell cycle-regulatory transgene cassette is inserted into the ICP6 gene of the F-strain. Enhanced transgene expression could be demonstrated in proliferating tumor regions, but significantly less when the same amount of viruses was introduced into the contralateral normal brain of the same animal.
Lack of tumor tropism and the presence of pre-existing antimeasles Abs in vaccinated individuals can pose a major obstacle during systemic measles virotherapy. Using mesenchymal stem cells (MSCs) that reportedly express low MHC class I antigen, and no CD40, CD80 and CD86, together with its tumor-homing properties, measles virus (MV) infection was successfully delivered to orthotopic patient-derived HCC tumor in severe combined immunodeficiency mice as demonstrated by Tina Ong Hooi Tin (National Cancer Center). Tumor growth in both measles-naïve and passively immunized mice receiving MSC-associated MV was significantly suppressed. In contrast, tumor growth delay was only evident in measles-naïve mice and not in passively immunized mice when given naked virus.
Replication-incompetent viruses
The group of Yasufumi Kaneda (Division of Gene Therapy Science, Graduate School of Medicine, Osaka University, Osaka, Japan) has been able to demonstrate that ultraviolet irradiation could render the envelope of replication-incompetent hemagglutinating virus of Japan (HVJ; Sendai virus) able to mediate oncolytic activity without producing any toxic effects. The suppressive effect induced by replication-incompetent envelope HVJ-E on prostate cancer cells is similar to those induced by the live virus particles, suggesting that the mechanism for the oncolysis induced by HVJ-E does not involve viral genome or viral protein synthesis. 7 Furthermore, the transfer of HVJ-E RNA fragments via lipofection could induce selective prostate cancer cell death in a dosedependent manner, but this was not observed in non-malignant prostate epithelial cell lines. Using small interfering RNA (siRNA) knockdown experiments, the group subsequently showed that the suppression effect was mediated through retinoic acidinducible gene I/mitochondrial anti-viral signaling protein. Intact HVJ genome is recognized by the cytoplasmic RNA receptor retinoic acid-inducible gene I. Retinoic acid-inducible gene I is known to activate nuclear factor-kB and interferon (IFN) regulatory factors through the adaptor protein mitochondrial anti-viral signaling protein, which is essential for anti-viral innate immunity. When retinoic acid-inducible gene I/mitochondrial anti-viral signaling protein signaling pathway is activated, tumor necrosis factor-related apoptosis-inducing ligand and NOXA were found to be effector molecules responsible for the selective prostate cancer cell death induced by HVJ-E. A single injection of HVJ-E (5 Â 10 10 ) particles has eradiated 70% tumors in an orthotopic prostate cancer model in immunodeficient non-obese diabetic-severe combined immunodeficiency mice.
NON-VIRAL DELIVERY SYSTEMS
Won Jong Kim (Pohang University of Science and Technology, Pohang, Korea) described his multifunctional non-viral gene delivery for cancer therapy. A total of 74% of vectors used in clinical trials are viral. The benefits of non-viral vectors are that they are non-immunogenic and there is no limit to DNA size. However, they have an associated low transfection efficiency.
Analog peptides have been identified in one of the most recently described cancer-testis antigens, PASD1, by Barbara Guinn's group at the University of Bedfordshire (Bedfordshire, UK). 8 The group identified a number of HLA-A*0201-binding wild-type sequences and modified them at a single anchor residue to enhance T-cell stimulation. They have shown that one such analog peptide, named Pa14, was to be able to induce normal donor and leukemia patient T cells to produce IFNg. DNA vaccines incorporating the first domain of tetanus toxin 9 and Pa14 were used to show that Pa14 can induce epitopespecific T-cell expansion, IFNg secretion and killing of both analog and wild-type epitope-loaded antigen-presenting cells (APCs). The group has shown that Pa14-specific T cells from a colon cancer patient could be expanded to 13.6% of the CD8 þ population after 4 weeks of in vitro culture. 8 In addition, the Guinn group has been developing pMHC arrays 10, 11 to detect antigen-specific T cells in colon cancer and to prioritize PASD1 epitopes in collaboration with colleagues at the University of Oxford (Oxford, UK). Through the incubation of 0.8-1.4 Â 10 6 negatively isolated, 'untouched' CD8 þ T cells with up to 40 pMHC tetramers on the array, they could show that cancer antigen-specific T cells were detectable in 25% of the colon cancer patients analyzed.
HCC is the fifth most common cancer and the third leading cause of cancer-related deaths worldwide. Celastrol is an anticancer, antioxidant and anti-inflammatory compound isolated in China from the 'Thunder of God' vine. 12 The problem is its low water solubility and toxicity. Hong Ping Xia of the National Cancer Center in Singapore described their use of nanotechnology to deliver HCC therapy. Hong Ping Xia described the development of multifunctional nanoparticles that were modified with targeting peptide ligands for targeted human HCC therapy. Among the various compounds screened, the multifunctional nanoparticle conjugated with celastrol produced specific inhibitory effects against HCC cells compared with normal hepatocytes, and suppressed the growth of orthotopic HCC xenograft tumors with much reduced toxicity in athymic nu.nu mice. These promising preclinical results suggest the potential of targeted multifunctional nanoparticles as anticancer drug delivery systems for cancer therapy.
It has been known that bacteria can grow in tumors for the past 200 years, and this property has been exploited as a potential means of specifying therapeutic activity to malignant tissue in a number of clinical trials over the years. The benefit of using bacteria for gene delivery is that they have a huge payload capacity for DNA, RNA and protein, and scientists can also exploit the large bacterial genome. However, so far the clinical results have not been impressive. Mark Tangney of the Cork Cancer Research Center, University College Cork (Cork, UK) explained that this may be due to (i) insufficient understanding of the precise nature of bacterial growth within tumors, and (ii) the use of pathogen-derived species in patients, where the maximum tolerable dose was less than the therapeutic dose. Mark Tangney's group has developed a strategy to use non-invasive, nonpathogenic strains often found in food such as probiotic yoghurts. The interplay between bacteria and tumors is now believed to be multifactorial, involving the disorganized and leaky vasculature within tumors and necrosis featuring regions of immune suppression and hypoxia, and nutrients such as purines. This bacterial growth within tumors is tumor-type independent and occurs with all bacteria. 13 He explained his group's strategies to improving our understanding of what is occurring inside bacterially colonized tumors. For example, his team has been developing in vivo imaging tools to elucidate the precise locations of bacteria within the tumor over time, to date utilizing luminescence imaging, but moving to more clinically applicable versions. 13 They are currently developing variants of non-invasive bacteria with improved tumor growth, for use with their BDEPT (Bacterial Directed Enzyme Prodrug Therapy) strategy.
SMALL-MOLECULE THERAPIES
The dysregulation of sphingolipid metabolism leads to therapeutic resistance to radiation, chemotherapy and gene therapy. The ceramide-sphingosine-sphingosine 1-phosphate biostat represents a control pathway where ceramide elevation leads to cell death and elevation of sphingosine 1-phosphate leads to cell survival. Most cancer therapy agents including radiation cause elevation of ceramide as part of their mechanism of action and this has been demonstrated by the group of James Norris of the Medical University of South Carolina (Charleston, SC, USA). In normal cells, increases in ceramide leads to cell cycle arrest, but in cancer it frequently leads to induction of apoptosis. However, during radiation or chemotherapy the ceramide catabolic enzyme acid ceramidase (AC) that deacylates ceramide is upregulated shifting the biostat to the right with increased production of sphingosine 1-phosphate. Over 50% of prostate cancer patients are treated with radiotherapy and 21-44% of patients relapse. The group analyzed the tissues before radiotherapy and after relapse and showed that AC levels were even higher (N ¼ 3) in patients who relapse. It is now understood that AC protects against chemotherapy and radiotherapy, and that it is activated by radiation, and quite quickly over time is counterproductive for the success of the therapy. This effect is not as pronounced in normal epithelium and stroma. The synthetic C6 ceramide also induces AC, suggesting that ceramide is the signal that induces AC expression. To understand this better, studies were performed and the transcription factor AP1 was shown to be responsible for AC upregulation. This was proven using TAM67 (dominant-negative c-Jun) and siRNA to AC. To address this therapeutically, Sphingogene (Mt Pleasant, SC, USA) developed a small-molecule inhibitor called SPG105 (LCL521). LCL521 inhibits AC activity and is safe up to 290 mg kg À 1 . Tumors in mice treated with LCL521 have decreased AC levels, and when mice are treated with LCL521 plus radiation, this leads to a cure in 100% of animals in a prostate cancer model. The next step is to move this drug into clinical trials for prostate cancer in the near future. As all major cancers that receive radiation therapy also upregulate AC, it is likely that the therapeutic benefit of SPG105 will extend to these cancers as well.
CELLULAR AND IMMUNOTHERAPIES DC therapies Lentivirus (LV) vectors expressing combinations of cytokines and antigens direct the autonomous differentiation of DC precursors in mice and man into activated and antigen-loaded DCs. Renata Stripecke (Hannover Medical School, Hannover, Germany) detailed her group's development of LV-induced DCs. 15, 16 Experimental syngeneic and humanized mouse models demonstrated that LVinduced DCs are highly viable (43 weeks in vivo) and effectively migrate to lymph nodes in immune-competent mice or promote the development of lymphatic structures in immune-deficient mice. Smart DC-TRP2 (coexpressing granulocyte-macrophage colony-stimulating factor, IL-4 and the TRP2 melanoma antigen) stimulate autologous cytotoxic T lymphocytes (CTLs) from melanoma patients and have shown no biosafety concerns in syngeneic or humanized mouse systems. Good manufacturing practice-compatible methods for the production of SmartDC-TRP2 have been developed while also achieving high recovery and high viability of the cells. The pilot batch of LV vector for clinical development of SmartDC-TRP2 has been produced in Farzin Farzanehs' facility at King's College London (London, UK). LVinduced DCs are also being developed for immunotherapy after SCT to enhance the graft-versus-leukemia and graft-versus virus (cytomegalovirus). The use of integrase-defective LV vectors for DC reprogramming has been demonstrated and increases the biosafety of the gene transfer by lowering the risk of insertional mutagenesis.
The group of Yajun Guo (PLA General Hospital Cancer Center, Shanghai, China; SMMU Cancer Institute, Shanghai, China) has shown that DCs genetically modified with scFV-CD40 were able to migrate towards HER2-positive tumor cells, were activated after HER2 ligation, homed to draining lymph node and induced tumorspecific CTL. The Guo group also showed that they could target DCs to specific tumor antigens, in vivo, using TAA-scFV vectors specific for CD11c.
T-cell therapies T cells are highly efficient at recognizing internally processed antigens if appropriately presented and are self-amplifying with a good biodistribution. They are directed to tumor through native T-cell receptor and can invade bulky refractory disease. Recent developments of chimeric antigen receptors (CARs) expressed in T cells has led to promising data from Carl June's group, 17 which showed that CARs composed of Ab-binding domains connected to domains that activate T cells could overcome tolerance by allowing T cells to respond to cell surface antigens. Unlike many previous studies, these engineered T cells were shown to expand 41000-fold in vivo and express functional CARs for 46 months. A CD19-specific immune response was demonstrated in the blood and bone marrow, accompanied by CR, in two of three patients. Malcolm Brenner of the Baylor College of Medicine (Houston, TX, USA) is a pioneer of cellular immunotherapy who has taken his work into several clinical trials with a focus on T-lymphocyte therapy for cancer. His own studies have also showed tumor responses (albeit anecdotally) when they used a CD30 CAR for refractory Hodgkin's disease. 18 They have extended beyond hematological malignancies to solid tumors. A GD2-directed CAR expressed on Epstein-Barr virus (EBV) CTL was given to 11 patients with relapsed neuroblastoma and induced CR in 3 (27%), and a tumor response was observed in more than 50% of patients.
Tumor-directed T cells may crossreact with normal tissue antigens or release lethal quantities of cytokines such that fatal consequences may result. 19 As T cells can also expand over time and produce ever worsening adverse effects, for example, graft-versus-host disease (GvHD) after allogeneic hemopoietic stem cell transplantation, it has been essential to develop an exit strategy, and so the use of a suicide gene is also required. Because of the limitations of current systems, such as immunogenicity, the requirement for a potentially therapeutic activating drug, and slow activity primarily in dividing cells, Malcolm Brenner and his co-workers tested a new inducible caspase 9 human-derived (so less immunogenic) suicide gene, which is activated by an otherwise bioinert chemical inducer of caspase 9 dimerization. They tested the approach in recipients of T-cell-depleted transplants who received an addback of T cells containing the inducible caspase 9 gene. 20 If GvHD developed as indicated by increased bilirubin levels (indicates liver damage), skin rash or diarrhea, they gave a single dose of caspase 9 dimerization drug, which lead to 90% depletion of the infused inducible caspase 9 T cells within 30 min, and resolution of GvHD within 24 h. The residual T cells re-expanded and repopulated patients without recurrence of GvHD because the inducible caspase 9 dimerization/activation selectively eliminated the most allo-reactive cells while sparing other T cells, including virus-specific T cells. The recovering T cells remained polyclonal. There was also a broad caspase 9 dimerization dose-response curve, so a small dose (1/100th of the full dose) could, for example, be used to eliminate half the cells so that it may be possible to use the drug as a rheostat to control the intensity and toxicity of the T-cell activity.
Yajun Guo described his group's work on Ab-mediated cellular immunotherapy. scFV-CD28-zeta chimeric Ag receptors had been devised for adoptive T-cell therapy. The group showed that a memory response develops in animals cured through treatment with HER2scFV-CD28 CAR-adoptive T-cell therapy. In addition, there was evidence of protection against rechallenge with HER2-positive and -negative cancer cells.
An unintentional induction of regulatory T cells by IL-2 during DC-based cancer immunotherapy was described by David Klatzmann (Pierre & Marie Curie University, Paris, France). Five patients had no clinical response because of major regulatory T cells induction. 21 This should question the use of IL-2 in cancer immunotherapy protocols. In contrast, in a clinical trial evaluating regulatory T cells' depletion in donor lymphocyte infusions after leukemia relapse post allogeneic hematopoietic stem cell transplantation, 4/4 patients responded to treatment. 22 Ab therapies Yajun Guo's group has developed nanoparticle-conjugated Abs, anti-epidermal growth factor receptor (EGFR)/HER2 bi-specific Abs and have determined the crystal structure of Rituximab (anti-CD20 type I Ab) so they can develop variants that take advantage of the characteristics of type I and type II Abs.
Stem cell therapy Human placental chorionic-plate-derived MSCs from healthy donor mothers exhibit many markers common to MSC, such as CD73, CD90, CD105, CD44 as well as HLA-G surface markers, and are capable of differentiating into the mesodermal linage and can be propagated in the absence of serum. Using a paraquat-induced lung injury mouse model, Thai-Yen Ling (National Taiwan University, Taipei City, Taiwan) has shown that the administration of placental chorionic-plate-derived MSCs can restore the biological function of lung tissues. Suppressed cytokines that are known to associate with neutrophil recruitment and activation (for example, granulocyte-macrophage colony-stimulating factor; IL-6; monocyte chemoattractant protein-1/CCL2; keratinocyte-derived chemokines (KC/GRO-a)) and improved survival were all demonstrated. Novel adjuvants Farzin Farzaneh described a potent adjuvant called CASAC, 23 which has been shown to enhance antitumor effects in aged mice. The adjuvant contains two or more TLR agonists, anti-CD40, IFNg and surfactant has been shown to drive unprecedented levels of CD8 response to peptide or protein Ag and highly polarized T helper 1 CD4 responses. Studies by Farzin Farzaneh and his coworkers have shown that CASAC can boost responses to tumor antigens, including SIINFEKL, WT-1 (important for acute myeloid leukemia) and glypican-3 (important for HCC), TRP2 (important in malignant melanoma) as well as hepatitis B in an HBsAg transgenic mouse model of chronic virus infection.
siRNA and saRNA Inhibition of vascular endothelial growth factor with siRNA has been used by Won Jong Kim's group to block angiogenesis. They developed an siRNA carrier-an arginine-rich peptide, an oligoarginine called R9. 24 For targeting tumors actively, the Kim group has also developed a bioreducible gene carrier by conjugating NGR peptide, 25 which is used to actively gene target CD13 on angiogenic endothelial cells leading to an accumulation of gene moiety into the tumor site. The blood-brain barrier can be targeted by bioreducible gene carrier using RVG peptide, which has high affinity to neuronal cells. 26, 27 In vivo experiments using a magnet on one side of the tumor shows localization of treatment to tumor on that side by imaging. 25 The technology can be used to target plasmids to the site of tumor, but it is not clear if it will be expressed.
Patients with viral hepatitis, a history of alcohol abuse and/or obesity have less than a 10% survival rate at 5 years. Associated low serum albumin levels cause ascites, as well as leg and pulmonary edema so there is an urgent need to improve quality of life. Nagy Habib (Imperial College London, London, UK) described for the first time his work using small activating RNA (saRNA) to change gene expression profiles in liver cancer cells. HepG2 liver cancer cell lines express some albumin, while saRNA was shown to boost albumin expression. Nagy Habib considered 'if the cancer cell is so busy making albumin how does it make enough energy to go into mitosis' and decided to develop a 'metabolic diversion'. By adding saRNA his group could increase albumin production by the tumor and decrease cell proliferation in vivo veritas in an animal model. In vivo 9-day Wistar rats were injected three times with saRNA and there was hardly any impairment of the liver function, but the burden of tumor was significantly reduced. This has led to worldwide collaborations, as it appears 'you can do anything with saRNA'. This has included IFNg saRNA oligonucleotides and IL-2 saRNA for DCs and Nagy Habib's group has treated 50 different genes with saRNA and it has worked every time. SaRNA is cheap compared with other biologics, it is a doublestranded RNA that takes the place of repressor on the promoter, its effects last for 30 days and are reversible.
BIOMARKERS AND PERSONALIZED MEDICINE
Biomarkers for the efficacy of treatment 28 have been used to indicate whether p53 gene therapy will be beneficial in patients with head and neck cancers by Robert Sobol (p53). They have shown that the more wild-type p53 monomers present in each tetrameric complex of p53, the higher the number of functional p53 tetramers in the tumors. Patients with entirely wild-type p53 are classed as having a favorable profile having a median survival of 7.2 versus 2.7 months if they had an unfavorable profile (predominantly mutant p53 harboring tetramers). If patients with a favorable level of wild-type p53 treatment are treated with methotrexate, there is little improvement compared with those patients with a poor profile. Mda7 has apoptotic effects in cells, its levels increase as IL-10 decreases, suggesting that IL-10 may be a potential biomarker for Mda7. In all, 75% of tumors such as lung cancer have low levels of IL-10.
HCC is not one of the top three cancers in the world (with regards to frequency), but with regards to death caused by cancer, it is number three owing to the high associated mortality. Multistage HCC is very well defined. The group of Kam M Hui (National Cancer Center) have identified diagnostic biomarkers, which can be used to detect HCC. The group used U133 Plus 2.0 array chips to assess the human genome. Each chip contains 47 000 transcribed and 21 000 well-characterized human genes. In addition to analyzing 270 HCC patients samples the group also analyzed adjacent normal tissue and for markers of early recurrence they analyzed samples from patients who relapsed less than 24 months after initial disease occurrence (n ¼ 34) and non-responders to treatment (n ¼ 36). One of the first issues was to look at the quality of the database. The group was able to show that distinct genes had increased or decreased expression. 29 Rac GTPase-activating protein 1 is particularly associated with the early recurrence of HCC. 30 Using siRNA to determine why Rac GTPaseactivating protein 1 is important they found that knockdown of this gene led to decreased tumorigenicity and prevents cytokinesis. The earlier the detection of cancer, the greater the chance of survival. Two tests exist for HCC screening-a-fetal protein, which has 63% sensitivity and 87% specificity, and ultrasound, which is 60% sensitive and 95% specific but is very operator dependent. The 'Gold' standard is biopsy but the need for a noninvasive screening method is apparent. Kam Man Hui's group started to look at peripheral blood mononuclear cell from patients who are indicative of when tumor cells go into circulation. In all, 13 genes segregated with HCC, gastric and pancreatic cancers. Using a binary logistic regression model, the group used 53 HCC and 16 healthy volunteer peripheral blood mononuclear cell as a training set for receiver operating characteristic curve. They showed that the assay was very specific and sensitive (area under the curve ¼ 0.986). HCC differs greatly among regions and whether patients are hepatitis B virus or HCV carriers (deep in Asia or Europe). Investigating 250 samples from patients who either did or did not have hepatitis B virus infection and HCC on the binary logistic regression model, they found the area under the curve from the training set was 0.937, 31 indicating that a high degree of sensitivity and precision could be attained with this binary logistic regression model.
MAGE-A, a cancer-testis antigen, with expression restricted to testis and placenta in normal tissues was first identified as the gene that directed the expression of antigen MZ2-E on a human melanoma cell line. 32 Most people look for cancer-testis antigen expression using techniques such as reverse transcriptionpolymerase chain reaction and microarray. There are two Abs for Mage: aMage-A1 6C1, which recognizes MAGE-A2, -A3, -A4, -A6, -A10 and -A12, and aMage-A3 57B, which recognizes MAGE-A1, -A4, -A6 and -A12. Baoen Shan (Cancer Research Center at the Fourth Hospital of Hebei Medical University, Shijiazhuang, China) described his group's interest in MAGE-A4 expression in normal and breast cancer. There is an interaction between MAGE-A4 and p53, with MAGE-A4 being shown to enhance the transcriptional activity of p53. MAGE-A11 affects the expression of estrogen receptor-induced breast cancer. Most Mage, including MAGE-A4, -A9, -A10, -A11 and -A12, are commonly expressed in various tissues. MAGE-A9 and -A11 may be related to endocrine therapy and poor prognosis in breast cancer. MAGE-A9 and -A11 increases lead to the proliferation of monocyte chemoattractant factor-7 cells and MAGE-A4 suppresses it.
MicroRNA markers are being used to predict response to therapy in head and neck cancer by Mahvash Tavassoli's group at Kings College London (London, UK). Fifty percent of patients do not respond to radiochemotherapy and tumors in general have complex genetic aberrations. 33 Radiation treatment is associated with lifelong disabilities, while promising therapies include radiotherapy plus cetuximab. 34 The future vision for treatment includes targeted therapies to avoid the cost burden and side effects by treating unresponsive patients. Apotosis is one of the six most important hallmarks of cancer 35 and one of the focuses for targeted therapy include restarting apoptosis. In vitro studies have shown efficacy in killing head and neck cancer cells with either SMAC mimetics or recombinant TRAIL, a combination of both resulted in killing all 15 cell lines tested. They found an increased level of TNFa in cell lines sensitive to SMAC mimetics. A microRNA signature has been obtained, which may predict response of head and neck cancers to SMAC mimetic and/or TRAIL. MicroRNAs have multiple targets and are more versatile than gene expression.
Personalized medicine has the potential to greatly progress cancer treatment. It has allowed substantial progress to be made, for example, with regards to the use of herceptin in breast cancer and the targeting of the EGFR in colon cancer cells harboring wildtype KRAS with cetuximab or panitumumab. A prerequisite of personalized medicine is the capability to predict pretherapeutically the response of individual tumors to certain (targeted) drugs. For this, we need reliable and reproducible biomarker assays. 'Prediction is difficult especially about the future' Niels Bohr (1885-1962). Manfred Dietel (Institute for Pathology, Charité Universitätsmedizin, Berlin, Germany) has described how we should not be too pessimistic, especially when we consider the progress we have made. For example, we now have predictive tissue-based biomarkers for targeted FDA/European Medicines Agency (EMA)-approved drugs such as trastuzumab, which requires the overexpression of Her-2 to be effective. Eligibility tests are requisite to ensure unnecessary side effects and costs are minimized. Currently, 35% of all tumors get predictive tests in the Institute for Pathology-Charite Berlin. It is now an EMA/FDA mandatory prerequisite that there is an eligibility test if a so-called targeted drug is considered for therapy. Some examples: If a metastasized colon cancer carries a mutated KRAS gene, the therapeutical Abs panitumumab or cetuximab would not work. This is the case for 40% of patients and there is no point in giving the drug in this situation-not only due to financial cost but also due to the unnecessary side effects for patients receiving the treatment. This means, subtype analysis is essential to predict response. Prahallad et al. 36 demonstrated that in BRAF(V600E) mutant colon cancers (approximately 8-10% of all colon cancers), the BRAF inhibitor PLX4032 (a small-molecule drug also known as vemurafenib) would not be effective alone since an compensatory upregulation of the EGFR was observed. As a consequence, a combination therapy consisting of BRAF and EGFR inhibitors might be beneficial.
In 1999, non-small-cell lung cancer was subtyped predominantly as adenocarcinoma, squamous cell carcinoma and largecell carcinoma. Progress to 2012 means that the same groups of cancers are subtyped by no mutations, KRAS (22%), EGFR (17%), EML4-ALK (7%), double mutants (3%) and BRAF (2%) for example. Routine tests for EGR, KRAS and ALK indicate whether tyrosine kinase inhibitors are suitable treatments to interfere with tyrosine kinase molecules when they are activated. Therefore, kinase inhibitors are only approved if used in conjunction with a diagnostic eligibility test. These drugs are Gefitinib (Iressa; Astra Zeneca, Wedal, Germany) and Erlotinib (Tarceva; Roche, Penzberg, Germany) for EGFR-mutated non-small-cell lung cancer. Crizotinib, an ALK inhibitor (Xalkori; Pfizer, Berlin, Germany), is very effective when there is an EML4-Alk inversion in non-small-cell lung cancer tumors. Ou et al. 37 showed that this treatment could be even more effective when combined with other drugs. Proving the inversion is presently essential. The gold standard currently is fluorescence in situ hybrization; in the future, immunohistochemistry may be used as additional screening method.
Fifty percent of all malignant melanomas have a mutated BRAF kinase. These patients show a dramatic response to vemurafenib, a BRAF inhibitor. Although patients will still die of malignant melanoma, there is a significant clinical and psychological impact in the patient knowing that the tumor is shrinking. Flaherty et al. 38 showed that a combination of BRAF and MEKi doubles life expectancy/overall survival (OS) from 5.8 to 9.9 months. This is another option for a combined targeted therapy.
With regards to breast cancer, it is well known that the estrogen receptor (ER)-positive and HER2-negative breast cancer cases can be divided into a low-risk group to be treated with tamoxifen alone and a high-risk group to be treated with tamoxifen plus chemotherapy. However, this stratification is difficult regarding the individual case. To reliably stratify the individual patient, the group developed the multigene EndoPredict assay (Sividon Diagnostics, Cologne, Germany). 39, 40 Following a combined morphological and molecular assessment of the tumor tissue to identify low-risk patients, it was shown that 96% of the patients who qualify for the low-risk group do not have metastasis within 10 years. This allows the physician to come to a scientifically based decision.
Manfred Dietel explained that pathology reports of the future will all be based on paraffin-embedded tissues. The primary step will continue to be the classical histology with hematoxylin and eosin stain, McMannus' Periodic acid Schiff's and other stainings. However, to provide more information on prognosis and therapy response, additional methods have to be included, such as immunohistochemistry, fluorescence and bright-field in situ hybridization, and in particular new molecular techniques. Most of them are based on tissue-adapted PCR/PCR variants and tissuebased sequencing/mutation analyses. Even new-generation sequencing is applicable on formaldehyde-fixed paraffinembedded tissue; this will give us deeper insights in the pathogenesis of many malignant tumors. The combined morphological/molecular pathology reports will provide the bases of reliable personalized medicine.
PHASE I/II CLINICAL TRIALS
Acute myeloid leukemia cells are viewed as being good APCs because they express MHC class I and II, tumor antigens and share a common (myeloid) lineage with APC. They also express many of the surface molecules found on DCs including the costimulatory molecule CD86 (B7-2), although not CD80 (B7-1). 41, 42 A Phase I clinical trial for relapsed acute myeloid leukemia following allohemopoietic stem cell transplantation has now started recruiting under the leadership of Farzin Farzaneh. The trial involved two rounds of vaccination and to date no patients have evidenced an immune response at that stage. However, one patient received all of the required doses (n ¼ 3) and the last dose induced a pronounced delayed-type hypersensitivity response. One year out and there has been no evidence of molecular or clinical disease.
A tale of two viruses was the description given by Kah-Whye Peng (Mayo Clinic, Rochester, MN, USA) for 'the blob' (measles) and 'the bullet' (vesicular stomatitis virus). Of particular note was that 'the blob' (MV) is now in several Phase I clinical trials, including ovarian cancer, myeloma, mesothelioma, glioma and head and neck cancer. Virally encoded reporter genes (for example, one which secretes carcinoembryonic antigen or thyroidal sodium iodide symporter (NIS) to show the location of infected tumors) are used to monitor virotherapy. 43 Phase I clinical trials for ovarian cancer involve six cycles of measlescarcinoembryonic antigen therapy. Dose escalation of this firstin-man clinical trial started with 10 3 vpu, increasing to 10 9 . The main aim was to look at safety, toxicity and maximum-tolerated dose. 44 Overall median survival is 12.2 months, with disease stabilization in patients given higher doses of virus.
Vesicular stomatitis virus, 'the bullet' is in Phase I clinical testing at Mayo Clinic (Phoenix, AZ, USA). This virus is ideal for bulky disease, which can be debulked with virus, with delivery of the virus killing the majority of infected cells, and the host immune system for clearing residual disease. 45 Vesicular stomatitis virusmIFNb-NIS is a fast replicating virus, significantly extended survival of myeloma bearing immunocompromised mice at doses of 10 5 -10 8 vpu. In immune-competent mice with myeloma, tumor cures are correlated with viral dose given.
T cells specific for the viral latent and lytic cycle antigens have been used as prophylaxis and treatment of post-transplant lymphoproliferative disease occurring after SCT. Cliona Rooney from Baylor College of Medicine described their clinical trials using T cells for EBV. In the prophylaxis group, no patients developed post-transplant lymphoproliferative disease compared with 12% of patients who did not receive EBV-specific CTLs. Among 13 patients with active disease at the time of CTL treatment, 11 attained CR. These T cells persisted for up to 10 years as demonstrated by gene marking using a retroviral vector, which also demonstrated T-cell homing to tumor tissues. When used to EBV-positive Hodgkin's disease, EBV-specific-CTL again homed to tumor sites, persisted for up to 12 months and produced two CRs among patients with disease. To improve upon this therapy, a manufacturing strategy was developed to target specifically LMP1 and LMP2, two of the three viral antigens expressed in Hodgkin's disease, and the therapy was extended to patients with EBVpositive Hodgkin's disease and non-Hodgkin's lymphoma. LMPCTLs produced 11 CRs among 21 patients with relapsed or refractory disease; of these, one patient also received rituximab while one received multiple doses of T cells. There were no severe toxicities related to these T-cell therapies, in contrast to the severe short-and long-term toxicities associated with standard chemoradiotherapies, highlighting the need for targeted immunotherapies to be made more widely available. Therefore, to enable pivotal late-phase studies, the time and complexity of T-cell manufacture has been decreased by using overlapping peptide libraries as a source of antigen and eliminating the autologous EBV-transformed B lymphoblastoid cell line as a source of APCs.
Nasopharyngeal cancer (NPC) is endemic in South East Asia and Southern China. By stage 4 of disease, patients frequently have o2 years median survival and treatment is palliative and not curative. Small-molecule therapies have a limited role in NPC. Han Chong Toh has led first-in-man clinical trials using DC vaccines to treat NPC. NPC cells, however, express a type 2 latency response expressing LMP1 and LMP2 viral oncoproteins, offering antigenic targets for immune targeting. Mini-allogeneic bone marrow transplant has been previously evaluated for metastatic NPC, but although responses are observed, the treatment is associated with high toxicity. 46 Using mini-allo-SCTs Han Chong Toh has treated 19 patients and achieved mixed chimerism in 16 patients, while the three remaining patients had late responses. Chronic GvHD is associated with better survival than patients with non-chronic GvHD. One patient 1 year post allo-SCT developed a late Response Evaluation Criteria In Solid Tumors (RECIST) response, indicating that graft-versus-tumor responses may take time to develop. A Phase II clinical trial exploring a strategy of four cycles of gemcitabine-carboplatin chemotherapy followed by six cycles of adoptively transfered EBV-specific T cells has been completed. 47 Preliminary data indicate a 2-year OS is 62.9% with 12 patients still alive after a median follow-up of 29.9 months. Five patients have not required further systemic chemotherapy as the initiation of CTL therapy, for a median duration of approximately 36 months. Exploratory analysis showed that LMP2-specific CTLs in the CTL product infusate was associated with a statistically significant OS benefit. The median and 3-year OS in this trial is high when compared with historical NPC studies. 48 Noriyuki Kasahara (University of California, Los Angeles, CA, USA) has been developing tumor-selectively replication-competent retroviruses expressing prodrug activator ('suicide') genes for cancer therapy. One such vector, Toca 511, is a retroviral replicating vector, which is currently in clinical development by Tocagen (San Diego, CA, USA). Toca 511 spreads with high efficiency throughout solid tumors in a non-lytic manner, resulting in widespread integration of the yeast cytosine deaminase prodrug activator gene into the tumor cells' own genome. Yeast cytosine deaminase expressed from the retroviral replicating vector then converts the anti-fungal prodrug 5-fluorocytosine into the chemotherapy drug 5-fluorouracil directly within the infected tumor cells. 49 Using two different brain tumor models in immunocompetent hosts, it has recently been reported that Toca 511 intratumoral injection followed by several cycles of 5-fluorocytosine eventually leads to tumor eradication and longterm survival even when prodrug administration is subsequently discontinued, with cured animals maintained alive for 1 year without any adverse effects, and evidence indicating that antitumor immunological responses had been activated. 50 In 2009, Tocagen received FDA approval of its Investigational New Drug application, and in late 2010 initiated a Phase I dose escalation clinical trial involving stereotactic intratumoral injection of Toca 511 into patients with recurrent high-grade glioma. By mid-2011, FDA reviewed the safety data from the first cohort of three patients and concluded that safety was acceptable, and in 2012, approved a second clinical trial of Toca 511 gene therapy administered into the post-resection tumor bed, also in recurrent high-grade glioma patients. To date, multiple neuro-oncology centers in the United States have treated more than 30 patients with Toca 511, with dose escalation up to four dose cohorts. All patients have tolerated the treatment well, without dose-limiting toxicity, and promising signs of therapeutic efficacy have been observed, including symptomatic improvement, radiographic evidence of tumor stabilization or shrinkage and progressionfree survival. In future studies, Noriyuki Kasahara envisaged combining retroviral replicating vector-mediated gene therapy with adoptive immunotherapy and/or tumor vaccine therapy, incorporating imaging capabilities into the virus to enable realtime monitoring of viral spread in the tumor before timely application of the prodrug for maximal killing of the tumor cells, and the use of tumor-homing cellular delivery vehicles for more efficient vector dissemination to multiple tumor foci.
The preclinical assessment of the potency, safety and selectivity of the group B oncolytic Ad ColoAd1 has been performed by Len Seymour (University of Oxford) and his group. ColoAd1 is a chimeric Ad11p/Ad3 replication-competent Ad isolated from a colon cell line on which a viral pool of Ads from groups B to F were passaged. ColoAd1 uses CD46 as it entry receptor. Len Seymour presented data on the impressive stability of ColoAd1 in the serum and blood. In contrast to herpes simplex virus, vaccinia or Ad5, coincubation of ColoAd1 with whole human blood did not significantly reduce viral titers, suggesting minimal interaction with blood components or cells. This is an important feature as it may improve systemic delivery of the virus to tumors. ColoAd1 is highly selective and potent against a range of carcinomas and is currently in Phase I testing.
A limited Phase II clinical trial that involved the angiographic implantation of an encapsulated HEK293 producer cell line overexpressing the cytochrome P450 subenzyme 2B1 into the vasculature leading to the tumor has been performed by John A Dangerfield (COO; Austrianova Singapore Pte Ltd, Singapore, Singapore). The cells are protected from the patient's immune system because they are microencapsulated in bioinert polymers of cellulose sulfate (Cell-in-a-Box Technology). In the presence of ifosfamide, the CYP2B1 gene converts the prodrug into its active cytotoxic compounds, phosphoramide mustard and acrolein, which renders DNA of dividing cells and proteins dysfunctional via alkylation. This forms the basis for its selectivity in restricting the cytotoxicity to fast-growing tumors and at the site where the capsules are implanted, which significantly reduces systemic toxicity and provides more effective local therapeutic concentrations. John Dangerfield reported that the latest clinical trial with 13 patients exhibited no capsule or cell-related adverse effects, which support the findings of the original Phase I/II with 14 patients. The median life expectancy of the patient collective was almost doubled when compared with the data available for gemcitabine (Gemzar), the current standard treatment for advanced pancreatic cancer. There was also a twofold improvement in 1-year survival.
More than 160 patients with solid tumors have now received the oncolytic vaccinia virus JX-594 intratumorally or intravenously 51 as described by Erica Sommermann from Jennerex Biotherapeutics (San Francisco, CA, USA). The virus was well tolerated and patients showed transient flu-like symptoms. The lead indication is HCC. 52 It was reported that HCC patients given high-dose intratumoral JX-594 have better OS (14.1 months) compared with patients given low-dose virus (6.7 months, P ¼ 0.02). Importantly, objective tumor responses have been seen in some of the patients treated with JX-594. Furthermore, immunohistochemical staining of liver tumor biopsies from patients treated by intravenous infusion alone showed tumorspecific presence of vaccinia virus even in the presence of baseline neutralizing Abs for vaccinia. A randomized Phase IIb trial (TRAVERSE) is underway in multiple countries and is designed to enroll 120 patients with advanced liver cancer who have failed sorafenib therapy.
SUMMARY
In the brief period since our last meeting, we have seen significant developments in gene therapy by this dedicated team of clinicians and scientists, which merits the description 'an innovative evolution'. Field leaders whose work have been described in this review have continued to change the face of gene therapy demonstrating successful treatment strategies, which translate to the clinic. Malcolm Brenner describes a suicide gene therapy, which is dose dependent and can control the potentially fatal GvHD often induced by successful hemopoietic stem cell transplantation. Paula Lam described the use of cell cycledependent promoters to regulate gene expression in viral vectors, while Nagy Habib described their use of saRNA to upregulate gene expression profiles in liver cancer cells and cause their death by exhaustion.
Outcome data from a number of Phase I and II clinical trials was not only presented but was also seen to inform research and future treatment strategies. Vesicular stomatitis virus from Kah-Whye Peng's lab is being used to debulk late-stage cancer allowing the host immune system to remove residual disease. Indeed, we enjoyed Erica Sommermann's descriptions of Phase II clinical trials involving vaccinia virus-based therapies for patients with advanced liver disease who have failed Ab therapy. Manfred Dietel described the near future of pathology in which detailed pathology reports on formaldehyde-fixed paraffin-embedded tissue indicate which gene therapies will be effective-saving money and unnecessary side effects for patients who do not have the genetic makeup in their tumor needed for effective treatment.
Gene therapy has established itself as able to impact on survival rates for patients with cancer and we look forward to its continued success.
